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Estimating Turbulence Intensity
+ The Doppler velocity spectrum +

The Doppler velocity
spectrum (DVS) is the
fundamental measurement
provided by the wind
profiler and Doppler sodar.
From the DVS, the
Doppler spectral moments
are calculated. For the
purpose of estimating
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turbulence intensity, we
are interested in the 2"
moment, or Doppler
spectral width.

-0
Doppler Velocity (m/s)
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Estimating Turbulence Intensity
<4 Profiler sampling filters 4~

1. Pulse volume filter

The pulse volume filter and
sampling rate filter occur
simultaneously within a radar
sampling period. These effects
must be accounted for when
using wind profiler spectral a

width measurements to 2. Radar sampling rate (dwell time) filter
estimate turbulence intensity. - -
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Estimating Turbulence Intensity
<4 Profiler sampling filters 4

1E+001

The sonic anemometer
measures vertical velocity
fluctuations at a high rate

(10 Hz in this case) and is,
therefore, able to capture the
inertial subrange in this
normalized vertical velocity
power spectrum taken in the
CBL at 275 m AGL (z/z,=0.2).
The profiler normalized
spectral density falls off
because of the temporal and = Radar
spatial filters inherent to the — iﬁg:ﬁ ometer
profiler sampling (dwell time

and pulse volume).
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Estimating Turbulence Intensity
+ Beam broadening +

Factors other than turbulence
broaden the measured Doppler

Radar beam

velocity spectrum. Because of the
radar’s finite beamwidth, a range
of velocities are detected in the
pulse volume, which broadens the
spectrum. Empirical corrections
have been developed to
compensate for this and other
effects.
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Estimating Turbulence Intensity
+ TKE dissipation rate +

TKE dissipation rate
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Radar spectral width dwell pulse volume
adjusted for non- filter filter

turbulent broadening

Note that the radar sampling filters are coupled and interact non-linearly
in this equation. Unfortunately, full 3-D form requires numerical
integration.
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Estimating Turbulence Intensity
+ TKE dissipation rate +

A double integral approximation
has been developed which is b = 0.625
. . am = u.
aCCUI'atC tO Wlthll’l 20/0 Of the full anf Fu”_'ntegral solution
integral solution for all values of == Gossard et al. (1998)
; - == Small-L tot

L. This approximate formula can mar asympie’e

i i Large-L asymptote
be evaluated using readily —— Double integral
available mathematical
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computation software. See White
et al., 1999 for more details.
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Estimating Turbulence Intensity
+ TKE dissipation rate +

W.]J. Shaw and J.M. Hubbe, 2000 AMS Conf. on Mountain Meteorology
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Sodar Backscatter Echoes
+ Boundary-layer height +

In the atmosphere, sound
scatters from fluctuations
in temperature and, to a
lesser extent, humidity and
velocity. Neglecting
velocity and humidity

o]
‘Y

contributions, the acoustic [E 25 enhance" ‘ba kscatter':' |
scattering cross-section is a5 assomatecﬁ-w-ith TN
proportional to the Capplng InVG rsion

temperature structure
function parameter, C/%, of
turbulence theory, which
exhibits a peak at the
boundary-layer capping
inversion.

Time (CST) Julian Day: 164
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Sodar Backscatter Echoes
+ Thunderstorm gust front +

The slope of the echo patterns indicates the presence of
a low-level jet (LLJ: enhanced echos outline K-H
instabilities as they advect with the mean flow through
the sodar beam [Neff and Coulter, 1986])
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Inversion (dark echoes)
usually strengthens with
associated wind shear
instabilities below the wind
speed maximum
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Fronts

Environmental Technology Laboratory
{ i Weather and Climate Applications Division
Boundary-Layer Wind Profiler Studies
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Environmental Technology Laboratory % I none gy Environmental Technology Laboratory
Boundary-Layer Studies (Surface Meteorology) \ _ H Boundary-Layer Wind Profiler Studies

Data provided by the NOAA Environmental Technology Laboratory i Data provided by the NOAA Environmental Technology Laboratory
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Fronts

. Spectral width (m/s
Descending warm front: ° (m's)

contours of zonal wind speed

Bodega Bay, CA wind profiler
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Low-level Jets

S0OS95 Nocturnal Wind Profiler Trajectories
) ) During a Stagnation Episode
Forward trajectories

derived from a network of
wind profilers deployed in
and around Nashville,
Tennessee, show the
combined effects of the

80

(22]
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nocturnal low-level jet

and the inertial

oscillation. Both effects

contribute to varying with

altitude the transport of Trajectories
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Low-level Jets

Orographic rains on the
windward side of coastal
mountains are enhanced
when a low-level jet increases
the flow of moisture-laden air
onshore. In this case the
offshore measurements were
provided by the NOAA P-3
Orion research aircraft flying
offshore of California during
CALJET. The correlation
profile was produced using
coastal wind profiler

observations. This type of jet

is baroclinically and frontally
forced.
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Correlation coefficient:
Hourly averaged upslope flow at BBY vs. hourly rain rate at CZD
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See Neiman et al., Mon. Wea. Rev., 2002
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Coastal and island wind profilers used in
CALJET documented blocked flow along
the Santa Barbara coast.

The nearest NEXRAD radars miss this
blocked flow, both in the lowest scan and
in VAD wind profiles, because of their
respective locations and altitutdes.

Wind profiler data were made avaiable to
NWS forecasters in real time, filling an
important data gap in the current
observing system.
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Profiler Precipitation Measurements

m  Signatures of precipitation are reflected in all three Doppler spectral
moments (velocity, reflectivity, spectral width).

= For the 915 MHz BLPs, the primary scattering mechanisms are Bragg
(clear air) and Rayleigh (precipitation). In rain, the Rayleigh component
usually dominates.

m In precipitation, the reflectivity measured by the radar is an integrated
measurement over all drop sizes measured within in the scattering
volume. Larger drops dominate because reflectivity is diameter-to-the-
sixth-power dependent.

= The Doppler velocity measured by the radar is reflectivity weighted, i.e.,
again, the larger drops dominate.

m  For accurate wind profiling in precipitation, it is necessary to remove the
Doppler vertical velocity from the oblique beams.

Short Course on the Fundamentals of Boundary-layer Wind and Temperature Profiling Using Radar and Acoustic Techniques Weather Phenomena



TEFLUN-B, Triple-N-Ranch, FL, 17 September 1998 (Day #260) Stratlforl N Raln

915 MHz, Pulse Width = 105 m, ALRC = 25.93
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TEFLUN-B, Triple-N-Ranch, FL, 17 September 1998 (Day #260)
915 MHz, Pulse Width = 105 m, ALRC = 25.93

o Reflity Convective Rain
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Calculating Winds in Precipitation

No vertical correction applied Vertical correction applied

Height (m msl

(-

3BY 11:26 UTC
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Profiler Show-level Algorithm

m Takes advantage of the
fact the wind profilers NOAA/ETL Objective Bright-band Detection”
measure Doppler vertical
velocity in order to
compute the three-
dimensional wind vector,
whereas many scanning
precipitation radars do
not adopt this strategy.

m The bright-band height is
a better estimate of the
snow level than the
melting level (i.e. 0o C Radial vertical velocity, Rv (m s)
isotherm) because of the
time (or fall distance)
required for ice particles
to melt as they descend.

*Patent pending

White et al., 2002 (JTech)
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Profiler Show-level Algorithm

,@‘ Environmental Technology Laboratory
:  Weather and Climate Applications Division

B -Layer Wind Profil i
Background ﬁeld Of oundary-Layer Wind Profiler Studies

consensus Doppler vertical I 1 —
velocity (Rv, positive -

downward) showing the —

transition from snow to rain. I

from the algorithm are = snow
indicated by the black dots. cesecscs
The table, which was added

at the request of NWS

®e seee
weather forecasters, lists the I 1

snow level along with the

The snow-level estimates

“Time (UTC)

surface temperature
measured by a met station

collocated with the wind i?f'le:;"[é;ﬂ
profiler.

Snow Level (m) @ 1471
Snow Level (ft) = 4824
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Profiler Show-level Algorithm

;@ Environmental Technology Laboratory
i Boundary-Layer Wind Profiler Studies

Data provided by the NOAA Environmental Technology Laboratory

Snow-level image generated
during a November 2002 ice
storm that affected millions in
the Northeast. The data
shown here were collected at
Concord, New Hampshire, on
November 17. Note the
relatively high snow level with
sub-freezing temperatures
occurring at the surface.

Soow tor @ | || [ ]

Snow Level n't)
Sfc Temp (C)

Time (UTC) 115{: 0930 | 0830] 0730| 0630 0530] 0430] 0330] 0230] 0130| 0030|

Snow Level lm) 281
Snow Level (ft]

e fomp @ =01 [0 [=301 =21 [-201[ 510 [ =510 =575 ] 47| 7] 34 [=ss]

Short Course on the Fundamentals of Boundary-layer Wind and Temperature Profiling Using Radar and Acoustic Techniques Weather Phenomena



Profiler Show-level Applications

CNRFC River Forecasting System
o o The sensitivity of watershed
+ RIVCI’ fOI‘ecaStlng runoff to changes in melting level

for a given 24-h QPF

24-h QPF:
1 0-6 h=0.5in
m The two most important 06n=038In
factors influencing runoff 1248 h = 1.5 in
. - =0.5in
forecasts for mountainous ——F—— Kiamath River

——&—— Smith River
——f— Trinity River
———— Truckee River

watersheds are the
quantitative precipitation
forecast and the melting
level.
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m The model-based results
shown to the right indicate
that a 2000-ft increase in the
melting level could triple the
runoff in a watershed.
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Profiler Snow-level Applications
e T S¥; + Highway maintenance

=,

:  m 6,600 fatalities per year in adverse weather

m 544 million hours ($2 billion) lost productivity
Source: U.S. Dept. of Transportation

.

Snow-level Monitoring Sites -- 2002/03
http://www.etl.noaa.gov/et7/data/sitemap/Northeast/

Pt. Piedras :
Blancas

Wind Profilers
# NOAA/ETL
Other Agencies

San Nicolasl.
900 1100 1300

59

120 119
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Operational Forecasting
+ Snow Advisory raised to Winter Storm Warning

m  Prototype profiler snow-level
product from PACJET showed
2700-ft snow level at the coast,
1300 ft lower than the snow level
that had been predicted before
landfall.

= NWS’ Portland OR SOO (Bill
Schneider) upgraded earlier
Snow Advisory to a Winter
Storm Warning based on this
lower snow level.

Height (-

m Forecasters’ use of these data
provided valuable lead time.

4 N
i i
) '
3 o

Environmental Technology Laboratory
Weather and Climate Applications Division
Boundary-Layer Wind Profiler Studies

Predicted
snow level
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Operational Forecasting

Quotes from N'WS forecasters collected during NOAA /ETL’s profiler
data usage surveys conducted by Dr. Louisa B. Nance*

[Re: wind profile data] “Ocean effect snow — profiler data showing much
more northeasterly component to wind field in low levels and rather deep.
Very, very helpful in maintaining snow forecast for cape/islands this
morning given onshore flow.” (Boston, Jan. 18, 2003)

[Re: Snow level product] “Very helpful! Showed the changeover from
freezing rain to snow nicely.” (Binghamton, Dec. 12, 2002)

[Re: RASS data] “Outstanding depiction of the structure of cold air
daming erosion.” (NWS Eastern Region Headquarters, Sep. 27, 2002)

[Re: Surface met data] Temperature, pressure, wind speed and direction all

very useful for discerning southetrly surge that is currently in progress!
(Monterey, Mar. 28, 2002)

*See Poster 1.5 in CEIS, Tuesday AM
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Operational Forecasting

“Need more profilers in northeast United States. Used by NWS to make forecasts.”
Binghamton, NY WFO — August 1, 2002
New England Temperature and Air Quality Study

A Strawman National Boundary-layer Profiler Network
Final Deployment

#® Backbone network
# Permanent enhancement
# Pre-existing network
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Operational Forecasting
<4 Buoy-mounted wind profiler 4

m Coastal and marine weather
prediction suffers from a relative
sparseness of coastal and
offshore observations.

R 4

[ 150 S O

= USWRP Report No. 2 noted that
“the most serious gap in the
current observing system for 1-5
day forecasts is the absence of
wind profiles, especially over the
northeast Pacific Ocean.”

-
it
]

= BMWP technology is part of an
FYO05 initiative being considered
by NOAA.
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